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Title Of Invention 

Pump Valve Assembly 

Field Of The Invention 

[0001] The present invention relates to an apparatus for providing 
valves for a pump mechanism. More specifically, the invention relates to a 
pair of plates with corresponding apertures and flaps for creating a valve 
assembly. 

Backoround Of The Invention 

[00021 Various pump mechanisms for moving or compressing air in a 
vehicle are well known. A common example of such mechanisms is a piston 
compressor for generating compressed air for a variety of devices in the 
motor vehicle. These compressors typically include a drive shaft, a cylinder 
block surrounding the drive shaft, which cylinder block has a plurality of 
cylinder bores or channels formed therein, a swash plate mounted on the 
drive shaft, and a plurality of pistons coupled to the swash plate and slidably 
disposed in the cylinder bores. These pistons are successively reciprocated 
in the cylinder channels as the drive shaft rotates so that a suction stroke and 
a discharge stroke are alternately executed in each of the cylinder channels. 
One such device is disclosed in U.S. Patent No. 6,439,857, which is assigned 
to the assignee of the present application and which is incorporated herein by 
reference, which describes a swash plate compressor employing pistons 
disposed in channels of a stationary cylinder block, wherein a non-rotatable 
swash plate pivots in accordance with the thrust exerted by an actuator. 

[0003] In these types of compressors, a space in the cylinder channel 
above the pistons is in fluid communication with the air system of the vehicle 
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via inlet and outlet ports. Accordingly, the air pressure in the space in the 
channels corresponds to air pressure in the air system, thereby ensuring a 
state of pressure equilibrium for the compressor, 

[00041 In order to alternately provide fluid communication and provide 
a seal between the inlet and outlet ports and the cylinder channels, the 
compressor is provided with a plurality of one-way check valves which prevent 
the back-feeding of the air. These valves are often of the reed variety, such 
as those disclosed in U.S. Patent No. 5,586.874 to Hashimoto and U.S. 
Patent No. 5,603,61 1 to Tarutani, allowing air to flow along a path from a 
high-pressure area to a low-pressure area. Thus, as the pressure in the air 
system downstream from the compressor lowers, airflow is directed from the 
cylinder channels to the air system through the valves provided at the outlet 
ports. Accordingly, air pressure above the pistons is lowered, thereby causing 
displacement of the swash plate and the pistons. As a result, the suction 
stroke generates a negative pressure sufficient to allow air to enter the 
cylinder block through the valves provided in the inlet port. 

[00051 One disadvantage of these valve assemblies, however, is that 
they often provide check valves for only one direction of air flow, or are 
expensive to manufacture, or both. In order to operate at maximum 
efficiency, a piston compressor must provide a one-way valve both for air 
entering and for air exiting the cylinder channels. Such compressors require a 
compressor head assembly including multiple valves, some of which operate 
exclusively in a direction opposite to the direction in which some of the other 
valves exclusively operate. These arrangements are generally costly to 
manufacture. Additionally, such assemblies often prove to be somewhat 
difficult to assemble with the rest of the compressor. 

[00061 What is desired, therefore, is an apparatus that provides inlet 
and outlet valves in a compressor that is inexpensive to manufacture. What is 
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further desired an apparatus that provides inlet and outlet valves that is easy 
to assemble with the rest of a compressor. 

Summarv Of The Invention 

[00071 Accordingly, it is an object of the invention to provide a valve 
assembly that can be manufactured inexpensively. 

[00081 It is a further object of the invention to provide a valve 
assembly that is easy assembled with the other parts of a compressor. 

[00091 To overcome the deficiencies of the prior art and to achieve at 
least some of the objects and advantages listed, the invention comprises a 
valve assembly, including a housing, a pump mechanism disposed in the 
housing, a first plate mounted adjacent to the pump mechanism, the first plate 
having at least one aperture and at least one flexing flap, a second plate 
mounted adjacent to the first plate, the second plate having at least one 
aperture and at least one flexing flap, wherein the first and second plates are 
aligned such that the at least one aperture in the first plate is located adjacent 
the at least one flexing flap in the second plate and the at least one aperture 
in the second plate is located adjacent the at least one flexing flap in the first 
plate, a cover mounted to the housing to substantially enclose the pump 
mechanism and the first and second plates, and at least one outlet port in the 
cover for discharging fluid that has passed through the plates. 

[00101 In another embodiment, the invention comprises a valve 
assembly, including a housing, a pump mechanism disposed in the housing, a 
first plate mounted adjacent to the pump mechanism, the first plate having at 
least one aperture and at least one flexing flap, a second plate mounted 
adjacent to the first plate, the second plate having at least one aperture and at 
least one flexing flap, a cover mounted to the housing to substantially enclose 
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the pump mechanism and the first and second plates, at least one inlet port in 
the cover for introducing fluid that is to be passed through the plates, at least 
one outlet port in the cover for discharging fluid that has passed through the 
plates, a first fluid pathway defined when the at least one flexing flap of the 
second plate is disposed against the at least one aperture of the first plate 
and the at least one flexing flap of the first plate is biased away from the at 
least one aperture of the second plate, in which fluid flows through the inlet 
port, through the at least one aperture in the second plate, past the at least 
one flexing flap in the first plate, and into the housing, and a second fluid 
pathway defined when the at least one flexing flap of the first plate is disposed 
against the at least one aperture of the second plate and the at least one 
flexing flap of the second plate is biased away from the at least one aperture 
of the first plate, in which fluid flows from the housing, through the at least one 
aperture in the first plate, past the at least one flexing flap in the second plate, 
and out the outlet port. 

[0011] In yet another embodiment, the invention comprises a valve 
assembly, including a swash plate housing at least partially enclosing a swash 
plate chamber, a cylinder block mounted to the swash plate housing, the 
cylinder block having at least one passageway and at least one piston 
channel, a pump mechanism disposed in the swash plate housing and 
cylinder block, a first plate mounted adjacent to the cylinder block, the first 
plate having at least one aperture and at least one flexing flap, a second plate 
mounted adjacent to the first plate, the second plate having at least one 
aperture and at least one flexing flap, a cover mounted to the housing to 
substantially enclose the pump mechanism and the first and second plates, at 
least one inlet port in the swash plate housing for introducing fluid that is to be 
passed through the plates, at least one outlet port In the cover for discharging 
fluid that has passed through the plates, a first fluid pathway defined when the 
at least one flexing flap of the second plate is disposed against the at least 
one aperture of the first plate and the at least one flexing flap of the first plate 
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is biased away from the at least one aperture of the second plate, in which 
fluid flows through the inlet port and into the swash plate chamber, through 
the passageway, into the cover, through the at least one aperture in the 
second plate, past the at least one flexing flap in the first plate, and into the 
piston channel, and a second fluid pathway defined when the at least one 
flexing flap of the first plate is disposed against the at least one aperture of the 
second plate and the at least one flexing flap of the second plate is biased 
away from the at least one aperture of the first plate, in which fluid flows from 
the piston channel, through the at least one aperture in the first plate, past the 
at least one flexing flap in the second plate, and out the outlet port. 

Brief Description Of The Drawings 

[0012] Figure 1 is an isometric view of the piston compressor 
provided with the valve assembly in accordance with the invenfion. 

[0013] Figure 2 is an exposed elevafional view of the compressor of 
Figure 1 . 

[0014] Figure 3 is an exposed elevational view of the compressor of 
Figure 1 in a different position. 

[0015] Figure 4 is an exploded, isometric view of the valve assembly 
of the compressor of Figure 1 . 

[0016] Figure 5 is a exposed top plan view of the valve assembly of 
Figure 4. when assembled, 

[0017] Figure 6 is an exposed elevational view of another 
embodiment of the compressor of Figure 1 . 
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Detailed Description Of The Drawings 

[0018] The basic components of one embodiment of a piston 
compressor 10 in accordance with the invention are illustrated in Figure 1. As 
used in the description, the terms "top," "bottom." "above," "below," "up," 
"down," "upper." "lower," "front" and "rear" refer to the objects referenced 
when in the orientation illustrated in the drawings, which orientation is not 
necessary for achieving the objects of the invention. 

[0019] Typically, the compressor 10 includes a housing 19 having 
first and second portions 20. 26, a cover or compressor head 18, a rear 
mounting cover 14, and a front mounting flange 16. When in use, the 
compressor 10 is installed on a vehicle, such as an over-the-road truck, and 
generates compressed air for the vehicle's pressure system, which typically 
includes a tank (not shown) that supplies the compressed air to various 
accessories, such as, for example, the brake system. This production of the 
compressed air begins by receiving air, which may or may not be delivered 
from a turbocharger (not shown), in response to a reduction of the air 
pressure in the air system to or below a reference pressure. 

[0020] Referring to Figures 2-3, the second portion of the housing 19 
comprises a swash plate housing 20 that defines a swash plate chamber 22 
therein, in which a swash plate 24 is disposed. The first portion of the 
housing 19 comprises a cylinder block 26 that has a plurality of piston 
channels 32. A plurality of pistons 30 are coupled to the swash plate 24 and 
are disposed in the piston channels 32. The pistons 30 are reciprocally 
displaceable within the channels 32 in order to provide for suction and 
compression strokes. A space 34 in the channels 32 above the pistons 30 is 
in fluid communication with the air system via a inlet channel 100 and outlet 
channel 102 in the cover 18. as is further described below. Accordingly, the 
air pressure in the space 34 corresponds to air pressure in the air system. 
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ensuring a state of pressure equilibrium for the compressor 10, as is further 
explained below. 

[0021] The swash plate 24 and cylinder block 26 each have a hole in 
the center thereof, which, collectively, form a channel in which a drive shaft 40 
is disposed. The entire swash plate 24 is pivotal with respect to the shaft 40. 
A mechanism for translating pivotal displacement of the swash plate 24 to 
reciprocal axial displacement of the pistons 30 includes a plurality of ball links, 
each of which is comprised of a rod 52 and a ball element 54. In certain 
embodiments, the rods 52, which are spaced angularly equidistantly from one 
another along an outer periphery of the swash plate 24 and extend radially 
therefrom, are bolts having a thread 56 on one end and a nut 58 on the 
opposite end. The ball element 54 has a spherical outer surface slidably 
engaging a piston rod 60, which extends parallel to the rotating shaft 40, for 
synchronous axial displacement while allowing the piston rod 60 and ball 
element 54 to be angularly displaced relative to one another. 

[0022] To displace the pistons 30 and swash plate 24 relative to one 
another as the swash plate 24 pivots, each piston rod 60 has a flange 62, the 
inner surface of which cooperates with an outer extremity of the ball element 
54. Accordingly, as the swash plate 24 is angularly displaced from a position 
perpendicular to the drive shaft 40, the cooperating surfaces of the ball 
element 54 and flange 62 slide relative to one another. Such relative 
displacement allows the piston rod 60 and ball element 54 to move axially 
together, while the ball element 54 rotates within the flange 62 in response to 
the angular motion of the swash plate 24. Though the cooperating surfaces of 
the ball element 54 and flange 62 are depicted as annular, in certain 
embodiments, other shapes that move synchronously while being angularly 
displaced relative to one another may be used. 
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[00231 Because the drive shaft 40 is rotatably disposed in the swash 
plate 24, rather than integrally formed therewith, the shaft 40 continues to 
rotate even when the pistons 30 are idle and the compressor 10 is not 
compressing air. As a consequence, accessories coupled to the shaft 40, 
such as, for example, a fuel pump, continue to function. 

[00241 In certain advantageous embodiments, this arrangement is 
achieved by employing a swash plate 24 having an outer part 42 connected to 
a rotatable inner part 44 via a bearing assembly 46. The inner part 44 is 
mounted on the shaft 40 via a pin 48, such that the inner part 44 rotates with 
the shaft 40. As a result, as the shaft 40 rotates, the outer part 42 of the 
swash plate 24 can be restrained from rotating with the shaft 40. In certain 
embodiments, in order to prevent the outer part 42 from rotating, the swash 
plate receives a radially extending stopper 59 that engages an axial groove of 
the housing 20. In other embodiments, a gimbal arm (not shown) may be 
used to prevent the outer part 42 from rotating. 

[00251 The pistons 30 are Idle in a state of pressure equilibrium when 
a piston-generated force acting upon a swash plate 24 and corresponding to 
the air pressure in the space 34 above the pistons 30 is equal and oppositely 
directed to a thaist generated by an actuator 70 against the swash plate 24. 
This state of equilibrium occurs when the swash plate 24 Is In a substantially 
perpendicular position with respect to the axis of a drive shaft 40. Once the 
balance of air pressure has been disturbed, the thrust from the actuator 70 
exceeds the lowered piston-generated force to angularly displace the swash 
plate 24 from its perpendicular position. As a result, the pistons 30 begin to 
reciprocally move in the channels 32, as will be further explained below. 
Thus, the more the air pressure in the air system drops, the larger the angular 
displacement of the swash plate 24 and the longer the strokes of the pistons 
30. 
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[0026] The swash plate 24 pivots about a pin 48 upon a thrust 
exerted by the actuator 70. In certain advantageous ennbodiments, the 
actuator 70 includes a resilient element 72, such as, for example, Belleville 
washers, and a cam collar 74. The washers 72 are connected to the cam 
collar 74, which has a slanted cam surface with respect to the shaft 40, an 
extended part of which is always in contact with the swash plate 24. The 
swash plate 24 is always under pressure existing above the pistons 30, and 
thus, in order to maintain the swash plate 24 in a position perpendicular to the 
shaft 40 during the state of equilibrium, the cam collar 74 must continuously 
preload the swash plate 24. However, this contact in the state of equilibrium 
does not generate a thrust sufficient to overcome the pressure above the 
pistons 30 and pivot the swash plate 24, In operation, the washers 72 expand 
in response to the pressure drop in the air system to or below the reference 
value. As a result, the cam collar 74 is axially displaced to pivot the swash 
plate 24, the movement of which generates the suction and compression 
strokes of the pistons 30, 

[0027] Although the actuator 70 is shown rotatably mounted on the 
shaft 40, in certain embodiments, the actuator 70 can be mounted on the 
housing 20. Further, in certain embodiments, other types of resilient 
elements, such as different types of compression springs 78, such as, for 
example, bellows, are used instead of the Belleville washers described above. 
In other embodiments, the actuator includes a servo piston (not shown), which 
is actuated in response to a pilot signal representing the reference value of 
the air system's pressure and generated by an external source once the 
pressure falls down to or below the threshold. The servo piston, which is 
attached to a mechanical link such as a fork, displaces the cam collar 74 to 
exert a thrust to pivotally displace the swash plate 24. 

[0028] In order to allow uncompressed air to be drawn into, and to 
discharge compressed air out of, the compressor 10, the compressor is 
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provided with at least one inlet channel 100 and at least one outlet channel 
102. Further, in order to regulate the entry and exit of compressed and 
uncompressed air and prevent the back-feeding thereof, the compressor 1 0 is 
provided with a plurality of inlet and outlet valves 1 10. 112, respectively. 
These valves, which allow air to flow along a path from a high-pressure area 
to a low-pressure area, are one-way valves formed from a flexing flap or reed 
disposed against an aperture, which, as described in detail below, are created 
by the combination of first and second valve plates 1 14, 1 16. 

[0029] As illustrated in Figures 4-5, the first valve plate 114, which 
has at least one flexing flap 1 20, is mounted adjacent the cylinder block 26. A 
second valve plate 116, which has at least one aperture 122 therein, is 
mounted adjacent the first valve plate 1 14. The flexing flaps 120 and 
apertures 122 are aligned such that the flaps 120 cover the apertures 122. 
Accordingly, when air to be compressed flows into the aperture 122, the air 
biases the flap 120 away from aperture 122, thereby permitting the air to flow 
into the channels 32 of the cylinder block 26. However, when this air is 
compressed inside the channels 32, it is unable to flow back towards the inlet 
channel 100, as the flap 120 is blocked by the second valve plate 116, and 
thus, remains pressed against the aperture 122, sealing same. 

[00301 In a similar fashion, the first valve plate 114 has at least one 
aperture 124, whereas the second valve plate 116 has at least one flexing flap 
126 therein. The apertures 124 and flexing flaps 126 are aligned such that 
the flaps 126 cover the apertures 124. Accordingly, when the air in the 
channels 32 becomes compressed, the airflows into the apertures 124 and 
biases the flaps 126 away from the apertures 124, thereby permitting the 
compressed air to be discharged into the discharge channel 102 and out an 
outlet port 106 to various parts of the vehicle. The flexing flaps 126, however, 
can only open in this direction, as they are blocked in the other direction by 
the flrst valve plate 114. 
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[0031] Referring to Figures 3 and 5, as the pressure in the air system 
downstream from the compressor 10 lowers, airflow is directed from the 
channels 32 through the outlet valves 112, into the outlet channel 102, and 
out the outlet port 106, and into the air system of the vehicle (indicated by 
arrows B). Accordingly, air pressure above the pistons 30 is lowered, thereby 
causing displacement of the swash plate 24 and the pistons 30. As a result, 
the suction stroke generates a negative pressure sufficient to draw air into the 
cylinder block 26 via the inlet port 104. through inlet valves 110, and into the 
channels 32 (indicated by arrows A). 

[0032] As illustrated in Figure 6, in some embodiments, instead of an 
inlet port 104 in the cover 18, the housing 20 has an inlet port 130, such as 
may be desired in order to allow air to pass into the swash plate chamber 22, 
over any parts therein, and then to the channels 32 via a passageway 132, 
One such design is disclosed in U.S. Patent Application Serial No. 
10/422.268, incorporated herein by reference. This could take any of various 
forms, such as, for example, port cast in the side of housing 20, or, as another 
example, a series of small holes drilled near the bottom of housing 20. 
Accordingly, no inlet valve is needed in the valve plates 1 14, 1 16. In these 
cases, the first valve plate 114 has only apertures 124, and the second valve 
plate 116 has only flexing flaps 126, such that only outlet valves 1 12 are 
created . 

[0033] Referring to Figure 2, in order to temporarily release the 
engine of the truck from an additional load under certain conditions, such as 
when a truck climbs up a steep hill, a solenoid 86 can close the outlet port 106 
upon an on-demand signal from a driver. As a result, the pressure in the 
spaces 34 above the pistons 30 rapidly rises, enabling the compressor 10 to 
reach a state of equilibrium within a short period of time. Opening of the 
solenoid 86 allows the compressor 10 to return to a normal mode of 
operation. 

Express Mail No. El 889849557 US 



- 12- 

[0034] Additionally, the vehicle is provided with a central processing 
unit 90 for receiving a signal that is generated by a pressure sensor 92 after 
air pressure in the air system has reached a predetermined upper threshold. 
Once this signal is processed, the solenoid 86 is actuated to block the outlet 
port 106. 

[0035] Furthermore, the central processing unit 90, which is typically 
a computer, is able to process a signal indicating the overall load on the 
vehicle's engine. Thus, if a signal indicative of the load exceeds a certain 
threshold, the processing unit 90 generates a pilot signal actuating the 
solenoid 86, which closes the outlet port 106. In this case, the compressor 
rapidly achieves a state of equilibrium, as explained above, and stops 
compressing air. Since the reciprocal motion of the pistons 30 is arrested 
after the state of equilibrium is reached, the need for lubrication between the 
pistons 30 and the cylinder block 26 is reduced. 

[0036] It should be understood that the foregoing is illustrative and 
not limiting, and that obvious modifications may be made by those skilled in 
the art without departing from the spirit of the invention. Accordingly, 
reference should be made primarily to the accompanying claims, rather than 
the foregoing specification, to determine the scope of the invention. 
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